4:' 



(19) 



J 



Eur paisches Pat ntamt 
Eur pean Patent Offic 
Offic uropeen d s brevets 




I 



(12) 



(11) EP 0 984 074 A1 

EUROPEAN PATENT APPLICATION 





Date of publication: 


(51) lntCl7: C23C 10/32 




08 03 2000 Bullatin 2000/10 






(21) 


Applicatbn number: 99306803.0 








DfltA nf filinn* 06 08 1QQQ 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Kircher, Thomas 




MC NL PT SE 




Douglassviile, Pennsylvania 19518 (US) 




Designated Extension States: 


• 


McMordie, Bruce G. 




AL LT LV MK RO SI 




Perkasie, Pennsylvania 18944 (US) 






• 


Shankar, Srinivasan 


(30) 


Priority: 31.08.1998 US 143962 




Branford, Connecticut 06405 (US) 


(71) 


Applicant: SERMATECH INTERNATIONAL INC. 


(74) 


Representative: Rees, David Christopher et al 




Limerick, PA 19468 (US) 




Kilburn & Strode 








20 Red Lion Street 








London WC1 R 4PJ (GB) 



(54) Slurry compositions for diffusion coatings 

(57) Slurry coating compositions are provided for 
metal substrates, particularly nickel or cobalt-containing 
alloys, that enable inward-type diffusion aluminide coat- 
ings having a substantially uniform coating thickness to 
be formed thereon. Substantially uniform coating thick- 



nesses are achieved Independent of applied slurry com- 
position thickness or application method. The slurry 
coating composition of the invention comprises a Cr-AI 
alloy containing about 50 wt7o to about 80 wt% Or in the 
alloy LiF in an amount greater than or equal to 0.3 wt% 
of the Cr-AI alloy, an organic binder, and a solvent. 
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D scription 

[0001] The present invention relates generally to the field of corrosion protection for metal substrates, and more 
specifically to diffusion coatings for nickel-based or cobalt-based alloy substrates. 

[0002] In a modern gas turbine engine, components such as blades, vanes, combustor cases and the like are usually 
made from nickel and cobalt alloys. Nickel and cobalt-based superalloys are most often used to fabricate gas turbine 
parts because of the high strength required for long periods of service at the high temperatures characteristic of turbine 
operation. These components are usually located in the "hot section" of the turbine. As such, there are special design 
requirements imposed upon these components due to the rigorous environment in which they operate. Turbine blades 
and vanes are often cast with complex hollow core passages for transporting internal cooling air. Also, the wall thickness 
of gas turbine hot section parts is carefully controlled to balance the need for high temperature strength with the need 
to minimize the weight of the component part. 

[0003] The surfaces of turbine engine parts are exposed to the hot gases from the current combustion process. 
Oxidation and corrosion reactions at the surface of the component parts can cause metal wastage and bss of wall 
thickness. The loss of metal rapidly increases the stresses on the respective component part and can result in part 
failure. Protective coatings are thus applied to these component parts to protect them from degradation by oxidatbn 
and corrosion. 

[0004] Diffusion aluminide coatings are a standard method for protecting the surfaces of nickel- and cobalt-alloy gas 
turbine hardware from oxidation and corrosion. Aluminide coatings are based on intermetallic compounds formed when 
nickel and cobalt react with aluminum at the substrate's surface. An intermetallic compound is an intermediate phase 
in a binary metallic system, having a characteristic crystal structure enabled by a specific elemental (atomic) ratio 
between the binary constituents. For example, a number of such phases form in the nickel-aluminum binary system, 
including NigAla. NiAI. or NiAlj. Many aluminum-based intermetallic compounds (i.e.. aluminides) are resistant to high 
temperature degradation and therefore are preferred as protective coatings, but such coatings are more brittle than 
the supora Hoy substrates underlying the coatings. An example of one particularly useful intermetallic compound formed 
in nickel-based systems is NiAL 

[0005] Careful dimensional tolerances imposed on parts during manufacture must be maintainer during the coating 
process. Uneven or excessively thick diffusion coating layers can effectively act to reduce wall thickness and hence 
the part's strength Furthermore, excessively thick aluminide coatings, especially at leading and trailing edges of turbine 
blades where high stresses mostly occur, can result in fatigue cracking. 

[0006] One method for applying a diffusion aluminide coating is via a liquid phase slurry aluminization process. 
Typical slurries incorporate a mixture of aluminum and/or silicon metal powders (pigments) or alloys o those elements 
in an inorganic binder. The slurries are directly applied to a substrate surface. Formation of the diffused aluminide is 
accomplished by heating the part in a non-oxidizing atmosphere or vacuum at temperatures between 1600-2000'*F for 
two to twenty hours. The heating melts the metal in the slurry and permits the reaction and diffusion of the aluminum 
and/or silicon pigments into the substrate surface. Coatings of this type have been described in U.S. Patent 5,795,659. 
[0007] In liquid-phase slurry aluminization, the slurry must be applied directly to the part in a controlled amount 
because the resulting thickness of the diffused coating is directly proportional to the amount of the slurry applied to the 
surface. Because of this proportional relationship between applied slurry amount and final diffused coating thickness, 
it is critical in this method to carefully control the application of the slurry material. The necessarily controlled application 
requires a great deal of operator skill and quality assurance, particularly for parts having complicated geometries such 
as turbine blades. This places a limit on the quantity of parts that can be coated in an economical, timely fashion. 
[0008] A more comnrKDn industrial method for producing aluminide coatings is by the "pack cementation" method. 
Pack cementation processes have been described, for example, in U.S. Pat. Nos. 3,257,230 and 3,544.348. The basic 
pack method requires a powder mixture including (a) a metallic source of aluminum, (b) a vaporizable halide activator, 
usually a meta! halide, and (c) an inert filler material such as a metal oxide (i.e., AI2O3). 

[0009] Parts to be coated with such a mixture are first entirely encased in the pack material and then enclosed in a 
sealed chamber or "retort". The retort is purged using an inert or reducing gas and heated to a temperature between 
1 400-2000''F. Under these conditions, the halide activator dissociates, reacts with aluminum from the metallic source, 
and produces gaseous aluminum halide species. These species migrate to the substrate's surface where the aluminum- 
rich vapors are reduced by the nickel or cobalt alloy surface to form intermetallic coating compositions. 
[0010] The amount of aluminum-rich vapors available at the surface of the part is defined by the "activity" of the 
process. The activity of a process is controlled in general by the amount and type of halide activator, the amount and 
type of aluminum source alloy, the amount of inert oxide diluent, and the temperature of the process. In some cases 
other metallic powders such as chromium or nickel are added to influence or "moderate" the aluminum activity in a pack. 
[0011] The activity of the process influences the structure of the aluminide coating fomDed. "Low activity" processes 
produce "outwardly" diffused coatings where the coating forms predominately by the outward migration of nickel from 
the substrate and its subsequent reaction with aluminum at the part surface. "High activity" processes produce "in- 
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wardly" diffused coatings where the coating fornns predominately by migration of aluminum into th surface of th 
substrate. 

[001 2] Figure 1 shows an outwardly diffused coating structure produced by a low activity process. The original surface 
of the substrate is labeled. A limitation of outwardly diffused aluminlde coatings is that oxides or contaminants present 
at the original surface of the part can become entrapped within the interior of the final diffused coating structure. If 
these oxides or contaminants are present in a somewhat continuous manner along the original substrate surface, the 
effectiveness of the low activity, outwardly diffused coatings is diminished under the stressful operating conditions of 
the turbine engine. 

[0013] Figure 2 shows an example of a higher activity, inwardly-diffused coating structure. The original surface of 
the substrate is labeled. The aluminum content in the outer zone is sufficient to cause precipitation of elements normally 
dissolved within the original superalloy substrate. Because of the inward diffusion of aluminum which predominates 
the coating formation process, oxides and contaminants present at the original substrate surface remain in the outer- 
most region of the final diffused coating structure where they are less likely to comprise the coating performance. 
[0014] The pack process generally produces reliably uniform diffused aluminlde surface layers on complex shapes 
such as those characteristic of gas turbine components. However, one major limitation of the pack cementation methoc 
is the generation of large amounts of hazardous waste. Considerably more raw material is required in a pack process 
than a slurry alumintzation process. Although the pack mixtures can be "rejuvenated' to some extent with incremental 
additions of fresh powder, eventually the pack mixture must be replaced and the spent powder disposed In hazardous 
waste landfills. Dusts from the powder mixture also pose a health risk to employees handling the mixture. 
[0015] In pack aluminizalion, the size of the retort, the geometry of the substrate to be coated, and the activity of 
aluminum in the powder mixture dictate the "ideal" batch size that should be employed to maximize the coating quality 
The balance between these factors must be maintained to assure good coating quality so it becomes difficult to coat 
batches quickly and cost effectively that are either smaller or larger than the ideal size. Moreover, the speed of the 
pack process is always slowed by the fact that a retort and a large mass of powder must be heated along with the parts 
^5 contained therein. 

[0016] The pack method also limits the speed and cost efficiency of coating production processes because it is 
essentially a batch process. In a batch process, each operation is completed on every individual part in a group before 
the next operation commences on any of the parts. In contrast, "one-piece flow" manufacturing is a continuous process 
which has been shown to be a quick, cost efficient means of production. In continuous coating processes, for example, 
there is continuous addition to. and withdrawal of, uncoated parts and coated parts from the production system. In 
"one-piece-flow" processes, an individual component flows directly to a second operation as soon as a first operation 
is completed, and as another component begins the first operation. Equipment and materials can be grouped so that 
the flow is balanced to accommodate the different time each operation requires. By non-limiting example only, "one- 
piece-flow" manufacturing has been widely associated with how the Toyota Corporation (Japan) manufactures auto- 
mobiles. It is very difficult, and not necessarily economical, to adapt an inherently batch process, like pack aluminizing, 
to a continuous, one-piece flow manufacture. U.S. Patent 3.903,338 discloses one such attempt. 
[0017] Improvements in pack aluminide coating processes have also been made by removing the article to be coated 
from the immediate proximity of the aluminizing powder mixture. U.S. Pat. Nos. 4,132.816 and 4,501 ,776, for example, 
describe such aluminizing methods called "above the pack" or Vapor-phase" alumtnization processes. ' 
[001 8] Although a vapor-phase aluminization method is somewhat "cleaner" in that less volume of powder is required, 
the process is limited to smaller retort volumes, and hence smaller batches of parts can be coated due to the nature 
of the vapor-phase process. If too large a retort is used, variations in the concentration of vapor-phase reactants occur 
in regions of the retort, resulting in variations in coating thickness among the parts in the retort. The resultant smaller 
batch sizes of the vapor-phase method limit production throughput and increase coated part costs. 
[0019] Vapor-phase alumtnization processes tend to operate generally at higher temperatures and lower aluminum 
activities than pack processes. Cne consequence of this shift in thermodynamic conditions is a shift in coating structure 
and composition from a primarily inward, "high activity" growth mechanism (indicative of the pack process) to a primarily 
outward, "low activity" growth mechanism, 

[0020] There are other limitations of pack and vapor-phase coating processes. Most gas turbine components have 
"no coat" areas which must be protected from aluminization during the coating process. For example, most turbine 
blade root attachments (commonly referrec to as "fir trees") must not be coated due to the high fatigue stresses they 
experience during engine operation. In order to prevent aluminizing vapors from reaching these surfaces during the 
coating process, one of several masking techniques are usually used. 

[0021] One method of masking is to apply a layer of metal-rich paste over the "no-coat" regions. The metal-rich layer 
acts as a "sponge" to absorb the aluminizing vapors. An example of such a metal-rich masking compound is the material 
"M-7" from Alloy Surfaces (Wilmington. DE). While the metal-rich paste is effective for the most part in blocking the 
aluminizing process, it can react with and sinter to the superalloy substrate during the coating process. 
[0022] For this reason, an intermediate layer of a ceramic-rich paste is usually applied to th part surface prior to 
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application of the metal-rich paste. An example of such a ceramic-rich masking compound is the material "M-l •* from 
Alloy Surfaces (Wilmington, DE). The ceramic-rich paste has limited blocking ability in a pack or vapor-phase process 
but it does not react with the part surface and it prevents sintering of the overlayed metal-rich masking paste. 
[CX)23] Application of the dual-layer masking compounds is tedious and expensive in coating production processes. 
In addition, small gaps in the ceramic paste layer may result in the metal-rich paste sintering to the part, forcing the 
coated part to be scrapped. 

[0024] A second method of masking, used primarily in vapor-phase processes, is the fabrication of metal masks 
which are mechanically fastened over the "no-coat" regions. Mechanical masks remove the possibility that undesirable 
sintering reactions (characteristic of the paste masking method) will occur. However, mechanical masks are part-spe- 
cific, making them an expensive masking method where multiple part numbers and types are being coated. 
[0025] Another limitation of pack and vapor-phase coating processes is an attendant heat transfer problem. Many 
gas turbine components, particularly those fabricated from high-strength cast nickel-base superalloys, require rapid 
cooling rates when processed at elevated temperatures in order to preserve alloy strength properties. Because of the 
large mass of pack powder required in pack processes, the necessary cooling rates can not be achieved upon com- 
pletion of the coating process. This requires that the coated parts receive a second heat treatment after removal from 
the pack mixture, adding significant additional time and cost to the overall coating operation. 

[0026] An alternative aluminization process is a vappr-phase slurry aluminization process, that incorporates a halide 
activator to serve as a source for producing aluminizing vapors (as In the pack aluminization process), but requires 
direct application of the slurry to the substrate surface. Vapor-phase slurry aluminization requires much less raw.ma- 
lerial than pack aluminizalion methods and further eliminates the exposure lo dust particulates characteristic of the 
pack method. Furthermore, since each part has the necessary elements for its diffusion coating applied directly to its 
surface, there are no batch-size limitations as in pack or vapor-phase aluminization processes. 
[0027] A limitation of vapor-phase slurry aluminization, however, like the liquid-phase slurry process, is the difficulty 
in producing a uniform diffused aluminide coating thickness on complex shapes such as turbine air foils. This limitation 
has provcnlcd halide-activated slurry aluminization from being a viable production process like pack and vapor-phase 
aluminization for coating entire gas turbine components. 

[0028] An example of the vapor-phase slurry aluminization process is represented by the material "PWA 545" which 
is utilized by the aircraft gas turbine industry for local repair of high temperature coatings. This slurry contains a halide 
activator powder. LiF, along with an aluminum-rich intermetallic compound (C02AI5) which serves as a source for pro- 
ducing aluminizing vapors. Because of the difficulty in producing uniform diffused aluminide coatings on complex airfoil 
geometries with this slurry formulation. PWA 545 is not used to aluminize entire turbine blade surfaces, nor is its use 
permitted on turbine blade leading edges. 

[0029] European published patent application 0 837 153 A2 to Olsen et al. teaches a method providing a localized 
aluminide coating using a pack-like mixture. A key feature of EP ' 153 is that the diffused aluminide coating produced 
with this method has an outward-type diffusion aluminide microstructure. The EP '1 53 method utilizes a mixture of an 
organic binder, a halide activator, a metallic aluminum source, and an inert ceramic material to achieve this particular 
coating microstructure, 

[0030] The powder composition described in EP ' 1 53 is supplied to a localized region of a part in the form of a tape. 
The tape is applied to the part in at least one layer, however multiple layers may be employed depending upon the 
desired thickness of the resulting diffused aluminide. After the tape layer or layers are fixed, the part is then heated lo 
1800-2000°F and held for 4 to 7 hours to produce a two-zone, low activity outwardly-diffused aluminide coating. As 
described in EP '153, the coating produced by this method is formed by nickel from the superalloy slowly diffusing to 
the surface of the part to combine with aluminum, thereby building up a coating layer of essentially pure NiAI. 
[0031] Slurr/ aluminization coating processes are undesirably limited in their application to local regions on a turbine 
part and are primarily used for spot repair of a damaged pack-produced aluminide coating or vapor-phase aluminide 
coating. There does not exist in the current art a halide-activated aluminizing slurry formulation which produces reliably 
uniform diffused aluminide coatings in a uniform manner similar to pack and vapor-phase coating processes. 
[0032] There is thus a need for a slurry coaling composition and a coaling method thai can aluminize entire air4oil 
surfaces (regardless of geometry) in a controlled, uniform, repeatable manner thereby overcoming the current limita- 
tions of existing slurry aluminization processes. Furthermore, there is a need for a method that utilizes considerably 
less raw material than the pack method and that minimizes exposure to hazardous materials in the workplace. There 
is a need for a coating and coating process that minimizes masking requirements for areas of a substrate part that do 
not require coating. There is a further need for a coating or coating process method that can combine all of these 
features in a continuous coating process, overcoming the economic limitations of batch processes. 
[0033] A slurry coating composition is provided that satisfies the aforementioned needs. A slurry coating composition 
is provided for the preparation of an inward-type diffusion aluminide coating, the composition of which comprises Cr- 
Al alloy containing from about 50 wt% Cr to about 80 wt% Cr in the alloy, LIF in an amount greater than or equal to 0.3 
wt% of said Cr-AI alloy, an organic binder, and a solvent. The slurry coating composition may further comprise inert 
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oxide materials. 

[0034] A method for preparing an aluminide coating for a metal substrate is also provided. A method of the invention 
comprises the steps of providing a slurry coating composition which comprises Cr-AI alloy containing from about 50 
wt% Cr to about 60 wt% Cr in the alloy. LiF in an amount greaterthan or equal to 0.3 wt% of said Cr-AI alloy, an organic 

5 binder, and a solvent. The slurry coating composition is then applied to a metal substrate and the metal substrate is 
then heated to form an inward-type aluminide diffusion coating. The method for preparing an aluminide coating may 
also comprise the step of removing un reacted residues from the metal substrate. The slurry coating composition may 
be applied to a metal substrate by dipping the metal substrate in the slurry coating composition. The metal substrate 
to which the slurry coating composition is applied is preferably a nickel-based alloy or a cobalt-based alloy. 

10 [0035] The application of the slurry coating composition to the metal substrate and the subsequent heating of the 
metal substrate to form the inward-type aluminide diffusion coating may comprise a continuous process, and in par- 
ticular, a one-piece-flow process. 

[0036] An article of manufacture comprising a metal substrate coated with an inward-type aluminide coating is also 
provided. The inward-type aluminide coating is prepared in accordance with a method comprising the steps of providing 

15 a slurry coating composition which comprises Cr-AI alloy containing from about 50 wt% Cr to about 60 wt% Cr in the 
alloy LiF in an amount greater than or equal to 0.3 wt% of said Cr-AI alloy, an organic cinder, and a solvent. The slurry 
coating composition is then applied to a metal substrate and the metal substrate is then heated to form an inward-type 
aluminide diffusion coating. The method for preparing an aluminide coating may also comprise the step of removing 
un reacted residues from the metal substrate. The metal substrate to which the slurry coating composition is applied 

20 is preferably a nickel-based alloy or a cobalt-based altoy. 

[0037] The article of manufacture may be coated by a method wherein application of the slurry coating composition 
to the metal substrate and the subsequent heating of the metal substrate to form the inward-type aluminide diffusion 
coating comprises a continuous process, and in particular, a one-piece-flow process. 
[0038] In the drawings accompanying this specification, 

2S 

Figure 1 is a photomicrograph (500x) snowing a low activity, outwardly-diffused coating structures and 
Figure 2 is a photomicrograph (500x) showing a high activity, inwardly-diffused coating structure. 

[0039] The invention relates to a class of slurry coating compositions which produce high activity, inwardly-diffused 

30 aluminide coatings having a substantially improved thickness uniformity relative to existing slurry formulations, when 
applied to complex geometries such as gas turbine airfoils. The slurry coating compositions of the present invention 
comprise a class of chromium-aluminum alloys Cr-AI), and a specific halide activator, LiF. The Cr-AI alloys contain 
50-80 weight percent chromium. The halide activator, LiF, is present in the slurry composition in an amount greater 
than or equal to 0.3% of the weight of the chromium-aluminum alloy The slurry coating compositions of the present 

35 invention further include an organic binder material and a solvent. 

[0040] A substantially unifonn diffused aluminide coating, as understood herein, is a coating that has a calculated 
process capability index greater than or equal to 1.33. The process capability index, or Cp, measures the ratio of a 
coating thickness variance pemnitted by an industry specification to the natural coaling thickness variation inherent In 
the process. An industry specification usually prescribes an upper limit and a lower limit on the coating thickness 

40 produced by a particular method. The difference between the upper and lower thickness limit is the permitted varianci^^ 
or allowed tolerance. For example, a Rolls-Royce specification for a pack aluminlzing process (RPS 320 requires that 
parts have a coating thickness between 0.0005 in and 0,003 in; a Pratt & Whitney specification for a vapor-phase 
diffusion aluminization process (PWA 275) requires a coating thickness in the range 0.001 5 in - 0.003 in. 
[0041] The allowable range of coating thickness variation on gas turbine hardware coated with a diffusion aluminide 

45 coating, for most industrial process specifications, is typically about 0.002 in. The natural variation of a coating thickness 
achieved by a particular process is usually calculated to six standard deviations (6a). Thus, since most variances 
permitted by industrial specifications are narrow, the only way to improve (raise) the Cp index is to reduce the natural 
variation of a process. Most industrial applications require a minimum Cp of 1.33, with higher goals becoming increas- 
ingly common. For purposes herein, "substantial uniformity" is defined as Cp > 1 .33 where Cp = 0.002 (in)/6o(in). 

so [0042] Specific alloys that have demonstrated suitable application in the slurry compositions of the invention include 
alloys containing, respectively. 70 wt% Cr and 56 wt% Cr (designated as 70Cr-30AI and 56Cr-44AI). Chromium-alu- 
minum alloys having substantially more than 80 wt% Cr or substantially less than 50 wt% Cr are not viable sources 
for the aluminide coatings of the invention. Chromium-aluminum alloys with lower aluminum content are more likely to 
produce low-activity, outwardly-grown aluminide coatings. Chromium-aluminum alloys with higher aluminum contents 

55 are more likely to promote excessively high aluminum activity at the substrate surface during the diffusion coating 
process, compromising the uniformity of the diffused aluminide coating. These undesirable effects are avoided by 
maintaining th chromium content in the range 50-80 wt% of the alloy. 

[0043] Suitable Cr-AI alloys are available from Reading Alloy (Robosonia, PA) having particle sizes -35 mesh and 
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finer. Altoy powders having an particle size of -200 nnesh and finer are ennployed in the coating compositions of th 
invention. The particle size distribution of a Cr-A! alloy appears to hav no significant effect on the coating thickness 
unifomnity achieved with slurries of the Invention. The particle size selected must permit appropriate slurry viscosities 
to be produced, yet not inhibit or limit the reactivity of the aluminization reactions. 

[0044] The amount of halide activator. LiF, present in a slurry composition of the present invention depends on the 
particular chromium-aluminum alloy utilized and the processing variables such as time and temperature, and the final 
desired coating thickness and composition. The amount of halide activator, in general, Is believed to be less critical 
than either processing time and temperature variables to the formation of a satisfactory coating. However, LIF present 
in an amount below 0.3 wt% of the chromium-aluminum alloy are more likely to produce low activity, outwardly grown 
aluminide coatings. LiF additions above about 1 5 wt% Cr-AI alloy appear to confer no significant benefit to the disclosed 
invention. LiF is preferably present in the slurry coating composition in an amount within the range of 0.3-15 wt% Cr- 
AI. and most preferably in the range from about 0.6-9 wt% Cr-AI. 

[0045] Slurry coating compositions of the present invention may also contain the addition of other halide activators 
into the slurry formulations, in addition to the LIF required of the invention. SoKialled "dual activator" systems are often 
used in pack cementation processes. In the present Invention, slurry formulations containing additional halide activa- 
tors, such as AIF3 and MgFa, have been preparec. These slurry compositions have been used to generate substantially 
uniform diffused aluminide coatings. 

[0046] The slurry coating compositions of the invention may further contain Inert oxide materials in the compositions 
Inert oxides dilute aluminum's activity and therefore affect the final diffused coating's thickness and compositbn. The 
addition of aluminum oxide in the slurry composition in an amount ranging from about 4 wl% to about 60 wt% of the 
total slurry pigments has been observed to reduce the thickness and aluminum content of the prepared coating How- 
ever, coating thickness uniformity and the generation of an inwardly diffused coating structure has nonetheless been 
observed to be similar to coatings formed by slurries having no inert filler additions. 

[0047] The slurry coating compositions of the present invention are prepared by dispersing solid slurry pigments 
(LiF, Cr-AI alloy powders, and inert oxide material if desired) in a suitable binder solution by conventional mixing or 
stirring. The binder solution contains an organic binder dissolved in a solvent The selected binder must be unreactive 
(inert) with the Cr-AI alloy and the halide activator The binder must not dissolve the activator A binder shouki be 
selected to promote an adequate shelf-life for the slurry. A selected binder should also bum off cleanly and completely 
early in the coating process without interfering with the aluminization reactions. A suitable organic binder is hydroxy- 
propylcellulose. A satisfactory hydroxypropylcellulose Is available under the trade name Klucel™. from Aqualon Com- 
pany 

[0048] The solvents employed in the slurry coating compositions of the present invention are preferably selected 
from the group consisting of lower alcohols, N-methylpyrrolidone (NMP). and water to produce binder solutbns having 
a wide range of viscosities. "Lower alcohols" are understood to be C^-Cg alcohols. Preferred lower alcohols include 
ethyl alcohol and isopropyl alcohol, aher commercially available solvents are acceptable for the subject invention 
The solvent's volatility, flammabllity. and toxicity are Important commercial criteria to consider in selecting a solvent. 
[0049] As noted, the amount of organic binder constituent employed in the slurry coating composition varies depend- 
ing on the type of organic binder selected. In general, the amount of organic binder should be kept low to minimize 
interference with the aluminization process, but high enough to produce slurries with good suspension characteristrcs 
and deposition properties. For the slurry coating compositions of the Invention, an organic binder level in the range of 
about 2 wt% to about 1 0 wt% of solvent should meet these requirements. 

[0050] The viscosity of the slurry coating composition Is also a function of the percent solid content. The solid pigments 
in the slurries are those constituents other than the binder and the solvent, such as LiF and the Cr-AI alloys. Preferably 
a slijrry coating composition of the invention has a viscosity in the range of about 250 to about 4000 cR The quantity 
of solid pigments in the slurry coating composition can range from about 30 wt% to about 80 wt% of the total slurry. 
Slurry coating compositions formulated with a solid content in the range of about 50 wt% to about 70 wt% of the slurry 
are generally more readily applied to a substrate by economical methods, such as dipping or bushing. Constituents of 
the slurries generally settle quickly and mixing or stirring the slurries is preferable up and until the slurry is applied. 
[0051] Slurries of the present invention have demonstrated long shelf-lives in that binder material remains dissolved 
in the solvent and the solids content remains unreactive and stable in the binder solution. 

[0052] The slurry coating compositions of the present invention may be applied to a metal substrate by conventional 
methods such as brushing, spraying, dipping and dip-spinning. The method of application depends on the fluid prop- 
erties of the slurry composition, as well as the geometry of the substrate surface. The minimum applied slurry thickness 
desired for the subject formulation is approximately 0.010 inches. Ther is no known maximum thickness that can b 
applied before the uniformity of the coatings is compromised. A balance should be struck, however, to ensure complet 
coverage of the substrate while avoiding the waste of slurry material. If masking "no coat" regions on a part Is necessary, 
It IS understood that the appropriate application method for the slurry will be used to accommodate for the presence 
of the nnasking rrtaterial. 
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[0053] In general, applications of approximately 0.020-0.040 inches of slurry to a metal substrate ensure adequate 
coverage without the use of excessive amounts of slurry composition. No specific measures or controls are required 
to regulate the application of the slurry since acceptable, substantially uniform diffused aluminide coatings are formed 
by depositing slurry in the range from about 0.010 to about 0.075 inches. 

5 [0054] if more than one application layer is desired, it is preferable to dry the applied slurry either with warm air, in 
a convection oven, or under infrared lamps or the like. After the final slurry application has been made and the substrate 
dried, the coated parts are placed in a retort which is then purged with argon, hydrogen, or a suitable mixture thereof 
to achieve a dewpoint of at least -40'*R The retort is then heated to the processing temperature, maintaining adequate 
inert gas flow to purge all the binder outgassings and to maintain the dewpoint at the required level. 

10 [0055] The slurry coating compositions of the invention produce substantially uniform diffused aluminide coalings 
when processed in the temperature range from about 1600 to about 2000°F. The thickness of the coatings produced 
depends upon the processing time and temperature, the particular chromium-aluminum alloy selected, and to some 
degree, the relative concentration of the LiF halide activator. 

[0056] After processing, slurry residues are removed by wire brush, glass bead or oxide grit burnishing, high pressure 
^5 water jet, or other conventional methods. Slurry residues comprise unreacted slurry composition material. The removal 
of slurry residue is conducted in such a way as to prevent damage to the underlying aluminide surface layer. The coated 
parts may be given a post-alumlnlzing heat treatment to further soften the coating or to complete alloy processing 
requirements. 

[0057] The slun^ coating compositions of the invention are formulated for application onto nickel-based and cobalt- 
20 based alloys. A nickel-based alloy, for example, is an alloy having a matrix phase having nickel as the proportionally 
largest elemental constituent (by weight). Other metals, as known in the metallurgical art, may be added to the nickel- 
based alloy to impart improvements in fabricability, corrosion resistance, strength, and other physical or chemical prop- 
erties. 

[0058] The slurry coating compositions of the invention enable a diffused aluminide coating to be produced having 
25 a substantially uniform thickness distribution, independent of applied slurry anrount. Parts may be coated much more 
economically than present methods permit. Parts may be dipped and dried in a repeated manner until the desired 
slurry buildup is accomplished without serious concern about localized non-uniformity in slurry thickness on the part 
at edges, fillets, etc. Parts can be processed using economical single-piece-flow methods since a batch retort diffusion 
process is not required. During diffusion processing, the slurries of the invention form inwardly-grown aluminide coat- 
30 ings which are free of entrapped oxides which can form in low-activity, outwardly grown aluminide coatings ? 

[0059] The coatings of the present invention are illustrated by the non-limiting examples that follow. In the following 
examples, and unless specified otherwise, the slurries are applied to the substrates by brushing. Applied thicknesses 
were measured with calipers or calculated from the mass of slurry (of known specific density) applied to a known 
substrate surface area. 

35 [0060] The coating thickness distribution of aluminized substrate surfaces is measured by preparing cross-sections 
of coated test samples. These samples were mounted using conventional hot mount compression presses and the 
mounted cross sections ground through a series of abrasive papers ranging from 1 20 to 1 200 grit. Final polishing was 
performed, generally, for about two minutes using a colloidal silica suspension. The diffused coating thickness distri- 
bution was measured using an optical metallograph (Olympus PMG-3) and image analysis software at a magnification 

40 of 200x. Diffused coating thickness measurements were made at ten to twelve approximately equally spaced location^ 
around the perimeter of the polished cross-sections. 

[0061] Qualitative and quantitative analysis of the diffused aluminide coatings was done on a scanning electron 
microscope equipped with an EDS analytical spectrometer and associated quantitative analysis software. 
[0062] In the preparation of the coatings of the examples, argon flow rates were generally twenty to forty volume 
45 changes per hour. Argon flow rates as low as five volume changes per hour have been effective for the subject inventions 
depending on the particular retort configuration used for diffusion. 

Example 1 

so [0063] A slurry coating composition, designated "Slurry A" was prepared in accordance with a coating of the prior 
art, PWA 545. A C02AI5 alloy and LiF halide activator was used. Slurry A was prepared by mixing the following: 

1 20g C02AI5 powder, -325 mesh 
7.2g IF powder, -325 mesh 
55 2.85g Klucel(g>Type L (hydroxypropylcellulose) 
37.2g NMP solvent 

A second slurry, designated "Slurry B*. was prepared in accordance with the present invention by mixing the following: 
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120g Cr-Al alloy powder. -200 mesh (70Cr-30AI, wt%) 

7.2g LiF powder. -325 mesh 

2.35g Klucel®Type L 

37.2g NMP solvent 



Another slurry, designated "Slurry C". was prepared In accordance with the present invention by replacing the 120g of 
70Cr-30AI alloy of Slurry B with 1 20g of 56Cr-44AI alloy powder. -200 mesh. 

[0064] Three turbine blades cast from nickel-based superalloy MarM247 were coated; respectively, with each slurry 
A, B. and C. A nominal slurry thickness of about 0,010 Inch to about 0.015 inch was applied. 
[0065] The blades were placed in a retort which was then purged with argon gas until a -40'»F dewpoint was achieved. 
The retort was heated at a temperature ramp of 10*F per minute to a set temperature of 1 975"F. then held for four 
hours at this temperature. Argon gas flow was maintained during the heating. The retort was then cooled under argon 
and the blades removed from the retort. 

[0066] The slurry residues were removed by glass bead burnishing. The parts were sectioned and the coating thick- 
ness distribution was measured metallographically. The coating thickness distribution results are summarized in Table 
1. 



Table 1. 





Coating Thickness Distribution 


Slurry 


Max. Coating 
Thrckness (0.001 in.) 


Min. Coating Thickness 
(0.001 in.) 


Range (Max. -Min.) 
(0.001 in.) 


% Improvement Over 
Slurry A 


A 


4.3 


1.7 


2.5 




B 


2.7 


1.5 


1.2 


108 


C 


3.3 


2.1 


1.2 


108 



[0067] The slurry coating compositions prepared in accordance with the invention (Slurries B and C) produced dif- 
fusion aluminide coatings having a significantly narrower range of coating thickness variation than the slurry prepared 
in accordance with the prior art. 



Example 2 

[0068] .Three turbine blades cast from nickel-based superalloy MarM247 were coated, respectively, with the three 
slurry compositions (Slurries A. B and C) of Example 1. The three turbine blades had the respective slurries applied 
to a nominal thickness in the range from about 0.040 in. to about 0.050 in. The blades were then placed in a retort and 
heated as set forth in Example 1. The blades were then cooled and slurry residues were removed by glass bead 
burnishing. The blades were then sectbned and coating thickness distribution was measured metallographically. The 
coating thickness data obtained is summarized in Table 2. 



Table 2. 





Coating Thickness Distribution 


SIDrry 


Max. Coating 
Thickness (0.001 in.) 


Min. Coating Thickness 
(0.001 in.) 


Range (Max. -Min. 
(0.001 in.) 


% Improvement Over 
Slurry A 


A 


4.4 


3.4 


1.0 




B 


2.9 


2.2 


0.7 


43 


C 


3.2 


2.9 


0.3 


233 



[0069] The slurry compositions prepared in accordance with the invention (Slurries B and C) produced coatings 
having a significantly narrower range of coating thickness variation than the slurry prepared according to the prior art 
(Slurry A). 



Example 3 

[0070] Three turbine blades cast from nickel-bas d superalloy MarM247 were coated, respectively, with th slurry 
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compositions of Example 1 (Slurries A, B and C). The three turbine blades had the respectiv slurries applied to a 
nominal thickness in the range from about 0.010 in. to about 0 015 in. The blades were placed in a retort which was 
then purged with argon gas until a -40'*F dewpoint was achieved. The retort was heated at a temperature rate ot 10°F 
per minute to a set point of 1 875° F, then held for four hours at this temperature. Argon gas flow was maintained during 
5 the heating. The retort was then cooled under argon and the blades rennoved from the retort. 

[0071] The slurry residues were removed by glass bead burnishing. The parts were then given a second heat treat- 
ment in a vacuum furnace for one hour at 1 975° F. 

[0072] After cooling, the parts were then sectioned and the coating thickness distribution was measured melallo- 
graphically. The coating thickness distribution results are summarized in Table 3. 

10 

Table 3. 





Coating Thickness Distribution 


Slurry 


Max. Coating 
Thickness (0.001 in.) 


Min. Coating Thickness 
(0.001 in.) 


Range (Max.-Min.) 
(0.001 in.) 


% Improvement Over 
Slurry A 


A 


5.1 


2.1 


3.0 




B 


3.2 


1.8 


1.4 


114 


C 


4.3 


2 


2.3 


30 



The slurry compositions prepared according to the present invention (Slurries B and C) produced coalings having a 
significantly narrower range of coating thickness variation than a coating prepared from a slurry composition (Slurry 
A) of the prior art. 



Example 4 

[0073] Three turbine blades cast from nickel-based superalloy MarM247 were coated, respectively, with the slurry 
compositions of Example 1 (Slurries A, B and C). The three turbine blades had the respective slurries applied to a 
nominal thickness in the range from about 0.040 in. to about 0.050 in. The blades were placed in a retort which was 
then purged with argon gas until a -40*»F dewpoint was achieved. The retort was heated at a temperature rate of 10°F 
per minute to a set point of 1 87S°R then held for four hours at this temperature. Argon gas flow was maintained during 
the heating. The retort was then cooled under argon and the blades rennoved from the retort. 

[0074] The slurry residues were removed by glass bead burnishing. The parts were then given a second heat treat- 
ment in a vacuum furnace for one hour at 1 975° F. 

[0075] After cooling, the parts were then sectioned and the coating thickness distribution was measured metallo- 
graphically. The coating thickness distribution results are summarized in Table 4. 



Table 4. 





Coating Thickness Distribution 


Slurry 


Max. Coating 
Thickness (0.001 in.) 


Min. Coating Thickness 
(0.001 in.) 


Range (Max.-Min.) 
(0.001 in.) 


% Improvement Over 
Slurry A 


A 


5.7 


4.2 


1.5 




B 


3.7 


2.6 


1.1 


36 


C 


4.4 


3.3 


1.1 


36 



The slurry compositions prepared according to the present invention (Slurries B and C) produced coatings having a 
significantly narrower range of coating thickness variation than a coating prepared from a slurry composition (Slurry 
A) of the prior art. 



Example 5 

[0076] A slurry composition (Slurry A') was prepared by mixing the following: 

lOSg COgAlg alloy powder. -325 mesh 
12g Cr powder 
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7.2g LiF powder, -325 mesh 
2.35g Klucel® Type L 
37. 2g N MP solvent 

Slurry A', a chromium-modified variation of slurry A (Example 1 ) was applied to a turbine blade cast from nickel-based 
superalloy MarM247 at a nominal thickness of about 0.040 in. to about 0.050 in. The blade was placed in a retort and 
heated as in Example 3. and then subjected to glass bead burnishing and another heat treatment as in Example 3. 
The part was then sectioned and coating thickness distribution measured metallographically. The range of coating 
thicknesses on this blade was in the range of about 0.0033 in. to about 0.0055 in. The range of coating thickness 
distribution of the aluminide coating formed using the chromium -mod if led slurry, about 0.0022 in, was significantly 
greater than that of the aluminide coatings formed from coating compositions of the invention. 

Example 6 

[0077] A slurry composition, designated B'. was prepared by mixing the following: 

1 20g 70Cr-30AI alloy powder, -200 mesh 
0.72g LiF powder, -325 mesh 
2.85g Klucel® Type L 
37. 2g NMP solvent 

The slurry was applied to a nickef-based turbine blade by dipping the blade into the slurry mixture and drying at 300 
*»F in an electric air-circulating vented oven. The blade was weighed after each dip cycle until the specific gain in mass 
indicated that approximately 0.040 in to about 0.050 in of slurry had been applied. The blade was processed on a 
nickel-based turbine blade to form a coating, as in Example 2. The coating thickness distribution on the turbine blade 
was in the range of about 0.0023 in. to about 0.0028 in. The coating formed was an inward diffused aluminide coating 
with an aluminum content of approximately 34 wt*yo. 

Example 7 

[0078] A turbine blade cast from nickel-based superalloy MarM247 was electrolytically plated with Ft at a thickness 
in the range from about 0.150 in. to about 0.200 in. The Pt-plated blade was then subjected to vacuum heating at 
1975**F for 15 minutes. After cooling the blades, Slurry C from Example 1 was applied to the R-plated blade to a 
thickness of about 0.040 in. 

[0079] The blade was then treated as in Example 4 to form a diffused Pt-modifled aluminide coating on the blade. 

The resulting coating was approximately 0.003 - 0.0035 in. thick and uniform around the entire airfoil cross-section. 

The aluminum content of the coating was determined to be In the range of about 27% to about 29% and the platinum 

content of the coating was determined to be in the range from about 35% to about 40% (by weight). 

[0080] This coating meets the compositional requirements of common aerospace and Industrial platinum-aluminlde 

c5atings. 

Example 8 

[0081] A turbine vane of cast cobalt alloy X-40 was plated with R, as in Example 1 at a thickness in the range from 
about 0.1 50 In. to about 0.200 In. The R-plated turbine vane was then subjected to vacuum heating at 1 975''F for 15 
minutes. After cooling, as in Example 7, Slurry C from Example 1 was applied, as in Example 7, to the R-plated vane 
to a thickness of about 0.040 In. 

[0082] The vane was then treated, as in Example 4, to form a diffused Pl-modlfied aluminide coating on the cobaft- 
containing substrate. The resulting coating was approximately 0.0015-0.002 in. thick and uniform around the entire 
air-foil cross-section. 

Example 9 

[0083] Slurry C of Example 1 was applied to cast nickel-based superalloy turbine blades at a thickness of approxi- 
mately 0.020-0.030 in. 

[0084] The blades were diffused in a retort under an argon gas atmosphere at 1 650°F for 4 hours to form an inwardly- 
diffused aluminide coating. The blades were then cooled, then removed from the retort. The slurry residues were 
removed by glass bead burnishing and the blades wer subsequently annealed in a vacuum furnace at 201 2°F for 1 
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hour. 

[0085] The resultant aluminide coating on the blade was 0.0015-0.002 in. thick and uniform around the entire airfoil 
cross-section. The aluminum content of the coating was determined to be approximately 22 wt%. This value of alumi- 
num content meets common specification requirements for diffused aluminide coatings. 

5 

Example 10 

[(K)d6] A slurry composition, designated C, was prepared by mixing the following; 

10 1 20g 56Cr-44AI alloy powder. -200 mesh 
6.4g AIF3 powder, -325 mesh 
3.6g LiF powder, -325 mesh 
2.35g Klucel®TypeL 
37. 2g NMP solvent 

IS 

Slurry C was applied to nickel-based superalloy test panels at respective thicknesses of 0.020 In. and 0.050 in. The 
test panels were prepared and diffused in a retort at 1740'*F for 6 hours in argon atmosphere. Similar test panels were 
identically prepared and diffused using Slurry C of Example 1 . 

[0087] After diffusion, the panels were removed from the retort and the slurry residues removed by brushing. The 
20 lest panels were evaluated via metallography to determine the coaling thickness distribution. Melallagraphic evaluation 
of the coalings indicated that all the test panels had approximately equivalent diffused aluminide coatings with thickness 
of 0.015 to 0.0018 in. Thus, the presence of an additional halide activator had no apparent effect on the diffused 
aluminide coating thickness. 



25 Example 11 

[0088] Slurry C of Example 1 was applied to a MarM247 nickel-based superalloy substrate at a thickness of about 
0.020 in. The substrate was then prepared and diffused in a retort at 1875*F for 4 hours in argon, then cooled. The 
slurry residues were removed by bead burnishing and the substrate then annealed in vacuum furnace at 1975'*F for 
30 1 hour. The resultant aluminide coating had a nominal composition of 32% aluminum. 8% cobalt, 5.5% chromium, 5% 
tungsten, and 49.5% nickel. The observed coaling structure and composition were typical of a high-activily. inwardly- 
diffused aluminide coating. 

Example 12 

35 

[0089] Six turbine blades past from a nickel-based superalloy were coated, two each respectively, with slurries A 
and C from Example 1 and slurry A' of Example 5. The slurries were applied, by dipping, to nominal thicknesses of 
0.01 5 In. and 0.0045 in. The blades were placed in a retort which was then purged with argon gas until a -40**F dewpoint 
was achieved. The retort was heated at a rate of lO^F per minute to a set point of 1 975** F and held for 4 hours at this 
40 temperature, maintaining the argon flow. The retort was then cooled under argon and the parts removed. The slurry 
residues were removed by glass bead burnishing. Coaling thickness distribution was measured metal log raphically Cp 
index ratios were calculated for the six blades. The results are summarized in Table 5, 



Table 5. 



Coating Thickness Distribution 


Sample 


Slurry 


Applied Slurry Thickness 
(in.) 


Mean Coating Thickness 
(in.) 


Standard Deviation (in.) 


Cp 


1 


A 


0.015 


40 


0.69 


048 


2 


A 


0.045 


4.5 


0.63 


053 


3 


C 


0.015 


38 


1.23 


1.45 


4 


C 


0.045 


4.0 


0.25 


1.33 


5 


A* 


0.015 


4.3 


0.59 


0.56 


6 


A' 


0.045 


4.8 


0.20 


1.67 
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The substrate blades coated with a slurry composition of the invention, slurry C, had a significantly narrower range of 
coating thickness variation and significantly improved process capability relative to those parts coated wKith the Co^Als- 
based compositions. Slurry A' showed only a marginal improvement at an applied thickness of 0.015 in. over slurry A. 
The mean coating thickness for the diffused coatings produced from slurry C was less sensitive to the quantity of 
applied slurry than either the Co2Al5-based slurry (slurry An or the Cr-modified CogAlg-based slurry (slurry A'). 

Example 13 

[0090] A slurry composition (Slurry D) was prepared by mixing the following: 

1 20g CogAlg alloy powder, -325 mesh 
0.72g LiF powder, -325 mesh 
2.35g Klucel®TypeL 
37.2g NMP solvent 

[0091] Six each of 12 turbine blades cast from a n ickel -based superalloy were coated with, respectively, Slurry D 
and Slurry B' of Example S. The blades were coated by dipping to nominal applied thicknesses of about 0.015 in,, 
0.030 in., and 0.045 in. The parts were diffused, cleaned, sectioned, and analyzed as set forth in Example 12. The 
results are summarized in Table 6. 

Table 6. 



Coating Thickness Distribution 


Sample 


Slurry 


Applied Slurry Thickness 
(in.) 


Mean Coating Thickness 
(in.) 


Standard Deviation (in.) 


Cp 


1 


D 


0.015 


2.8 


0.52 


0.64 


2 


D 


0.015 


2.9 


0.44 


0.76 


3 


D 


0.030 


3.3 


0.46 


0.72 


4 


D 


0.030 


3.2 


0.33 


1.01 


5 


D 


0,045 


3.1 


0.54 


0.62 


6 


D 


0.045 


3.1 


0.50 


0.67 


7 


B' 


0.015 


2.1 


0.13 


2.56 


3 


B' 


0.015 


2.3 


0.13 


2.65 


9 


B' 


0.030 


2.4 


0,11 


3.03 


10 


B* 


0.030 


2.3 


013 


2,56 


11 


B' 


0.045 


2.5 


0.15 


2.22 


12 


B' 


0-045 


2.6 


0.12 


2.78 



45 



The substrate blades coated with Slurry B', a slurry composition of the invention, exhibited a substantially uniform 
coating thickness. The Slurry B' coated parts had a significantly narrower range of coating thickness variation and 
significantly improved process capability relative to those parts coated with the CogAlg-based formulation. 

Example 14 



so 



55 



[0092] Turbine blade sections cut from cast nickel-based superalloys were coated with Slurry A of Example 1 (4 
blade sections) and Slurry C of Example 1 (2 blade sections). Blade sections were coated to nominal thicknesses of, 
respectively, 0.015 in. and 0.045 in. Prior to slurry application, the trailing edge and cut surface of each blade was 
masked with transparent tape (Highland Invisible Tape) to prevent slurry ingress to the blade's cavities. 
[0093] The blades were placed in a retort which was then purged with argon gas until -40'*F dewpoint was achieved. 
The retort was heated at 10**F/min to a set point of 1650'F and held for 4 hours at this temperature, maintaining the 
argon flow. The retort was then cooled under argon and the parts removed. The slurry residues were removed by glass 
bead burnishing. The cleaned parts were then placed in a retort and annealed under dry argon at 1975**F for 1 hours. 
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Following heat treatment, the parts were sectioned and coating thickness distributions nneasured metallographically 
Th results are summarized in Table 1. 



Table 7. 



Coating Thickness Distribution 


Sample 


Slurry 


Applied Slurry Thickness 
(in.) 


Mean Coating Thickness 
(in.) 


Standard Deviation (in.) 


Cp 


1 


A 


0.015 


2.1 


0.25 


1.33 


2 


A 


0.015 


2.0 


0.22 


1.52 


3 


A 


0.045 


2.0 


0.21 


1.59 


4 


A 


0.045 


2 2 


0.18 


1.85 


5 


C 


0.015 


2.0 


0.07 


4.76 


6 


C 


0.045 


2.0 


0.09 


3.70 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



The parts with coatings formed from a slurry of the Invention. Slurry C, were significantly more uniform in the coating 
thickness distribution. 

Example 15 

[0094] Two nickel-base superalloy blades were coated with approximately 0.020-0.030 in of Slurry A (Example 1 ). 
[0095] One blade was placed in a sand-sealed retort which was then placed into an electric-fired furnace. The retort 
was purged with argon to a dew-point of 40 °R After the dewpoint was achieved, the argon flow was maintained and 
the furnace was ramped at approximately 10 °F/min to a set point of 1650 °F and held for 4 hours. The retort was 
allowed to cool to about 150 OF and the blade was removed from the fumace. The slurry residues were removed by 
bead burnishing and the aluminide coating thickness distribution was evaluated metallographically The coating thick- 
ness ranged from 0.0009 in to about 0.001 2 in, 

[0096] The second blade was placed on the hearth of a pusher-type continuous furnace with a hydrogen atmosphere. 
The furnace was set at 1650 •'F. The blade was pushed into the hot zone of the furnace by the loading ram and left for 
4 hours. The part was then pushed to the unloading end of the furnace by the ram an allowed to cool. The slurry 
residues were removed by bead burnishing and the aluminide coating thickness distribution was evaluated metallo- 
graphically The coating thickness ranged from 0.0007 in to about 0.001 in. 

[0097] The slight difference in overall diffused coating thickness between the two parts can be explained by the much 
faster ramp rate of the continuous pusher fumace. The uniformity and structure of the aluminide coatings on the two 
blades were essentially the same. 

[0098] The slurry coating composition of the invention enables inward-type diffusion aluminide coatings to be formed 
on metal surfaces having complex geometries, with the resultant coating having a substantially uniform coating thick- 
ness distribution on the metal surface. The substantially uniform coating thickness distribution is accomplished inde- . 
pendent of applied coating thickness. The slurry coating composition of the invention overcomes current limitations of 
slurry aluminization processes by enabling the formation of heat-curable inward-type diffusion aluminide coatings in a 
controlled, repeatable manner. 

[0099] There are several economic advantages to the slurry coating composition of the invention. A method incor- 
porating the coating composition of the invention utilizes less raw material than pack aluminization methods, which 
reduces hazardous waste and minimizes workplace exposure to hazardous materials. Slurry coating compositions of 
the invention also significantly reduce the need to mask "no coat" areas on a part's surface, as it is sufficient to merely 
employ a ceramic-rich masking paste only, thus eliminating the need for the additional application of a metal-rich mask- 
ing paste as in common in pack and vapor-phase aluminization processes. The reduced masking requirement improves 
coating process economy and eliminates potential scrapping due to undesired sintering reactbns with masking com- 
pounds. 

[0100] The slurfy coating composition of the invention enables coated parts to be cooled rapidly after completion of 
the coating process cycle because there is no large mass of pack powder inhibiting the cooling rate, as characteristic 
of the pack process. Such rapid cooling may eliminate the need for secondary heat treatment of the coated parts, 
depending on the alfoy heat treating requirements and the coating process time and temperature. 
[0101] The slurry coating composition of the invention enables a coating process method to be accomplished in a 
continuous fashion, overcoming the economic limitations of batch coating processes. 
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[0102] The present invention may be embodied in other specific forms without departing from the spirit or essential 
attributes thereof and. accordingly, reference should be nnade to the appended claims, rather than to the foregoing 
specification, as indicating the scope of the invention. 



Cfaims 

1. A slurry coating composition for the preparation of an inward-type diffusion aluminide coating, characterised in 
that the slurry coating composition comprises: Cr-AI alloy containing from 50 wt% Cr to 80 wt% Cr in the alloy; LiF 
in an amount greater than or equal to 0.3 wl% of the Cr-AI alloy; an organic binder; and a solvent. 

2. A composition as claimed in Claim 1 , characterised in that the coating composition further comprises inert oxides. 

3. A composition as claimed in Claim 1 or Claim 2. characterised in that the organic binder is hydroxypropylcellulose. 

4. A composition as claimed in any preceding Claim, characterised in that the solvent is selected from lower alcohols, 
N-methylpyrrolidone and water r 

5. A composition as claimed in any preceding Claim, characterised in that the LiF is present in the slurry in an amount 
from 0.6 wt% to 9 wl% of the Cr-AI alloy. 

6. A method for preparing an aluminide coating for a metal substrate, characterised by the steps of: providing a slurry 
coating composition as claimed in any preceding Claim; applying the slurry coating composition to a metal sub- 
strate; and heating the metal substrate with the slurry coating composition applied thereon to form an inward-type 
aluminide diffusion coating. 

7. A method as claimed in Claim 6. characterised by the further step of removing untreated residues from the metal 
substrate. 

8. A method as claimed in Claim 6 or Claim 7. characterised in that the slurry coating composition is applied to a 
metal substrate by dipping the metal substrate in the slurry coating composition. 

9. A method as claimed in any of Claims 6 to 8. characterised in that the metal substrate is a nickel-based alloy or a 
cobalt-based alloy. 

10. A method as claimed in any of Claims 6 to 9, characterised in that the steps of applying the coating composition 
and heating the substrate comprise a continuous process. 

11. A method as claimed in Claim 10. characterised in that the continuous process is a one-piece-flow process. 

1 2. An article of manufacture comprising a metal substrate coated with an inward-type aluminide coating, characterised 
in that the coating prepared in accordance with a method as claimed in any of Claims 6 to 11. 
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